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(57) ABSTRACT

The present invention is directed to providing a safe medical
adhesive, a cured body of which is hard to be degraded and
decomposed and thus stable and the cured body generates less
amount of acid, aldehyde, etc. due to degradation/decompo-
sition. The medical adhesive includes a hydrophilic urethane
prepolymer (UP) obtained by reacting a polyisocyanate com-
ponent (A) containing a fluorine-containing non-aromatic
polyisocyanate compound (A1) as an essential ingredient and
apolyol component (B) containing a hydrophilic polyol (B1)
as an essential ingredient, wherein a chlorine content in a
chlorine-containing organic compound based on the weight
of'the hydrophilic urethane prepolymer (UP) is 0.005 wt % or
less.
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MEDICAL ADHESIVE

TECHNICAL FIELD

The present invention relates to a medical adhesive.

BACKGROUND ART

As a medical adhesive for bonding body tissues such as
blood vessel, heart, respiratory organ and digestive organ,
using e.g., a hydrophilic urethane prepolymer having isocy-
anate group in terminal(s) of itself, which is obtained by the
reaction between a fluorine-containing polyisocyanate and a
hydrophilic polyether polyol, has been conventionally known
(Patent Literatures 1 and 2).

However, a cured body (polymerized product through a
reaction with water) obtained by curing a conventional medi-
cal adhesive using a fluorine-containing polyisocyanate has a
problem in that it degrades and decomposes with time and its
adhesive strength easily decreases. In the circumstances, a
method of preventing reduction of adhesive strength by
reducing the hydrolytic chlorine content in a fluorine-con-
taining polyisocyanate is known (Patent Literature 3).

CITATION LIST
Patent Literature

Patent Literature 1: JP 1-227762 A

Patent Literature 2: International Publication No. WO03/
051952

Patent Literature 3: JP 2005-124808 A

SUMMARY OF INVENTION
Technical Problem

However, even if the hydrolytic chlorine content is
reduced, the cured body of a medical adhesive can be
degraded and decomposed with time.
Degradation/decomposition cannot be always prevented at
present.

An object of the present invention is to provide a safe
medical adhesive, a cured body of which is hard to be
degraded and decomposed and thus stable and the cured body
generates less amount of carboxylic acid, aldehyde, etc. due
to degradation/decomposition.

Solution to Problem

The present inventors found that the sum of chlorine con-
tents in chlorine-containing organic compounds in a hydro-
philic urethane prepolymer has an extremely large effect on
the stability of the cured body, and reached the present inven-
tion.

In summary, the medical adhesive of the present invention
includes a hydrophilic urethane prepolymer (UP) obtained by
reacting a polyisocyanate component (A) including a fluo-
rine-containing non-aromatic polyisocyanate compound
(A1) as an essential ingredient and a polyol component (B)
including a hydrophilic polyol (B1) as an essential ingredient,
wherein a chlorine content in a chlorine-containing organic
compound based on the weight of the hydrophilic urethane
prepolymer (UP) is 0.005 wt % or less, and

the chlorine content in the chlorine-containing organic
compound is a sum of chlorine contents in the following
compounds (1) to (14), areaction product between compound
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(1) and (B), a reaction product between compound (2) and
(B), a reaction product between compound (7) and (B) and a
reaction product between compound (8) and (B).

Compound (1): A compound represented by the following
general formula (I). In the general formula (I), n represents an
integer of 1 to 20.

OCNCH,(CF,),CH,0COCI O

Compound (2): A compound represented by the following
general formula (I). In the general formula (II), n represents
an integer of 1 to 20.

OCNCH,(CF>),CH,CI an

Compound (3): A compound represented by the following

general formula (II). In the general formula (I11), n represents
an integer of 1 to 20.

CIOCOCH,(CF,),CH,0COCI (I

Compound (4): A compound represented by the following
general formula (IV). In the general formula (IV), n repre-
sents an integer of 1 to 20.

CICH,(CF,),CH,Cl av)

Compound (5): A compound represented by the following
general formula (V).

O(CH,CH,CI), %2

Compound (6): A compound represented by the following
general formula (VI).

CIOCO(CH,CH,OCH,),0CH, v

Compound (7): A compound represented by the following
general formula (VII). In the general formula (VII), n repre-
sents an integer of 1 to 22.

OCN(CF,),0C0Cl (VI

Compound (8): A compound represented by the following
general formula (VIII). In the general formula (VIII), n rep-
resents an integer of 1 to 22.

OCN(CF,),Cl (VII)

Compound (9): A compound represented by the following
general formula (IX). In the general formula (IX), n repre-
sents an integer of 1 to 22.

CIOCO(CF,),0C0C! (IX)

Compound (10): A compound represented by the follow-
ing general formula (X). In the general formula (X), n repre-
sents an integer of 1 to 22.

CIl(CF,),Cl X

Compound (11): A compound represented by the follow-
ing general formula (XI).

O(CH,CH,0COCl), (XI)

Compound (12): A compound represented by the follow-
ing general formula (XII).

CIOCOCH,CH,0CH,CH,0COC! (XI1)

Compound (13): A compound represented by the follow-
ing general formula (XIII).

CICH,CH,0CH,CH,0COCI (XIID)
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Compound (14): A compound represented by the follow-

ing general formula (XIV).

CICH,CH,OCH,CH,OCH, (XIV)

Advantageous Effects of Invention

The medical adhesive of the present invention is excellent
in stability since a cured body, which is obtained by curing the
adhesive, is hard to be degraded and decomposed with time.
In addition, the medical adhesive of the present invention is
highly safe since carboxylic acid and aldehyde do not gener-
ate.

DESCRIPTION OF EMBODIMENTS

In the present invention, a polyisocyanate component (A)
includes a fluorine-containing non-aromatic polyisocyanate
compound (Al) as an essential ingredient; however, e.g., a
fluorine atom-free polyisocyanate compound (A2) and a fluo-
rine-containing aromatic polyisocyanate compound (A3)
may be used in combination.

As the fluorine-containing non-aromatic polyisocyanate
compound (A1), e.g., a fluorine-containing aliphatic diisocy-
anate (A11) having 3 to 24 carbon atoms, a fluorine-contain-
ing alicyclic diisocyanate (A12) having 8 to 21 carbon atoms
and a fluorine-containing poly-(3 to 6 valent) isocyanate
(A13) having 9 to 72 carbon atoms can be used.

Examples of the fluorine-containing aliphatic diisocyanate
(A11) having 3 to 24 carbon atoms include a compound
represented by OCN—RTF-NCO (Rf represents a pertluoro-
alkylene group having 1 to 22 carbon atoms) and a compound
represented by OCN—CH,—R{-CH,—NCO (Rf represents
a perfluoroalkylene group having 1 to 20 carbon atoms).

Examples of the compound represented by OCN—R{-
NCO include difluoromethylene diisocyanate, perfluorodim-
ethylene diisocyanate, perfluorotrimethylene diisocyanate,
perfluorooctyl diisocyanate and pertluoroeicosylene diisocy-
anate.

Examples of the compound represented by OCN—CH,—
Rf-CH,—NCO  include  bis(isocyanatomethyl)difluo-
romethane, bis(isocyanatomethyl)perfluoroethane, bis(iso-
cyanatomethyl)perfluoropropane, bis(isocyanatomethyl)
perfluorobutane, bis(isocyanatomethyl)perfluoropentane, bis
(isocyanatomethyl)perfluorohexane, and bis
(isocyanatomethyl)pertluoroeicosane.

Examples of the fluorine-containing alicyclic diisocyanate
(A12) having 8 to 21 carbon atoms include diisocyanatoper-
fluorocyclohexane,  bis(isocyanatomethyl)perfluorocyclo-
hexane, bis(isocyanatomethyl)perfluorodimethylcyclohex-
ane, bis(isocyanatoperfluorocyclohexyl)perfluoropropane,
and bis(isocyanatomethylperfluorocyclohexyl)perfluoropro-
pane.

Examples of the fluorine-containing poly-(3 to 6 valent)
isocyanate (A13) having 9 to 72 carbon atoms include iso-
cyanurate compounds derived from the aforementioned
diisocyanates, adduct compounds derived from the afore-
mentioned diisocyanates and tris(isocyanatotetrafiuorocy-
clohexyl)methane.

Note that an isocyanate group in a fluorine-containing non-
aromatic polyisocyanate compound (Al) is preferably
present at a position rarely undergoing sterical hindrance, in
view of e.g., the reactivity with a polyol component (B) and
the reactivity with e.g., blood and body fluid, and further
preferably present at a terminal position thereof rarely under-
going sterical hindrance.
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Furthermore, a fluorine-containing non-aromatic polyiso-
cyanate compound (Al) may be a single compound or a
mixture of two or more compounds.

Furthermore, of the fluorine-containing non-aromatic
polyisocyanate compounds (Al), a compound having two
isocyanate groups is preferable since, for example, a side
reaction such as a crosslinking reaction should be hard to
occur.

Of the fluorine-containing non-aromatic polyisocyanate
compounds (Al), a fluorine-containing aliphatic polyisocy-
anate (All) is preferable in view of e.g., safety such as
mutagenicity. Further preferably, a fluorine-containing ali-
phatic polyisocyanate represented by OCN—CH,—Rf-
CH,—NCO and a fluorine-containing aliphatic polyisocyan-
ate represented by OCN—Rf-NCO are mentioned, and
particularly preferably, difluoromethylene diisocyanate, per-
fluorodimethylene diisocyanate, perfluorotrimethylene diiso-
cyanate, perfluorooctyl diisocyanate, perfluoroeicosylene
diisocyanate, bis(isocyanatomethyl)perfluoropropane, bis
(isocyanatomethyl)perfluorobutane, bis(isocyanatomethyl)
perfluoropentane and bis(isocyanatomethyl)perfluorohexane
are mentioned.

As the fluorine atom-free polyisocyanate compound (A2),
e.g., a fluorine atom-free aliphatic polyisocyanate (A21) hav-
ing 1 to 24 carbon atoms, a fluorine atom-free alicyclic poly-
isocyanate (A22) having 8 to 21 carbon atoms, a fluorine
atom-free araliphatic polyisocyanate (A23) having 8 to 21
carbon atoms, a fluorine atom-free aromatic polyisocyanate
(A24) having 8 to 21 carbon atoms and modified compounds
(A25) of these can be used.

Examples of the fluorine atom-free aliphatic polyisocyan-
ate (A21) include tetramethylene diisocyanate, hexamethyl-
ene diisocyanate (HDI), 2,2 4-trimethylhexamethylene diiso-
cyanate and lysine diisocyanate.

Examples of the fluorine atom-free alicyclic polyisocyan-
ate (A22) include isophorone diisocyanate (IPDI), dicyclo-
hexylmethane-4,4'-diisocyanate (hydrogenated MDI), cyclo-
hexylene diisocyanate and  methylcyclohexylene
diisocyanate (hydrogenated TDI).

Examples of the fluorine atom-free araliphatic polyisocy-
anate (A23) include m- or p-xylylene diisocyanate (XDI) and
a,o,0 o' -tetramethylxylylene diisocyanate (TMXDI).

Examples of the fluorine atom-free aromatic polyisocyan-
ate (A24) include 1,3- or 1,4-phenylene diisocyanate (PDI),
2,4- or 2,6-tolylene diisocyanate (TDI), 2,4'- or 4,4'-diphe-
nylmethane diisocyanate (MDI) and crude MDI.

Furthermore, examples of modified compounds (A25) of
these include a urethane modified compound, an isocyanurate
modified compound, an allophanate modified compound, a
biuret modified compound, a uretdione modified compound,
a uretoneimine modified compound and a uretdione/isocya-
nurate modified compound. Examples of a modified HDI
compound include a urethane modified HDI, a carbodiimide
modified HDI and a trihydrocarbyl phosphate modified HDI.
Examples of a modified MDI compound include a urethane
modified MDI and a carbodiimide modified MDI. Examples
of' a modified TDI compound include a urethane modified
TDI and a carbodiimide modified TDI.

Note that a fluorine atom-free polyisocyanate compound
(A2) may be a single compound or a mixture of two or more
compounds.

Of these polyisocyanate compounds (A2), a fluorine atom-
free aromatic polyisocyanate (A24) is preferable in view of
e.g., reactivity and further preferably an MDI and a TDI are
mentioned.

Furthermore, in view of safety, a fluorine atom-free ali-
phatic polyisocyanate (A21) is preferable and an HDI is fur-
ther preferable.

When a fluorine atom-free polyisocyanate compound (A2)
is used, in view of e.g., safety such as mutagenicity, the
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content (wt %) of (A2) based on the weight of a fluorine-
containing non-aromatic polyisocyanate compound (Al) is
preferably 0.1 to 20, further preferably 0.2 to 10, and particu-
larly preferably 0.3 to 5.

As the fluorine-containing aromatic polyisocyanate com-
pound (A3), e.g., a fluorine-containing aromatic polyisocy-
anate prepared by partly or wholly substituting the hydrogen
atoms of the aromatic ring(s) in a fluorine atom-free aromatic
polyisocyanate (A24) with fluorine atoms, can be used.

A fluorine-containing aromatic polyisocyanate (A31) is
prepared by substituting all hydrogen atoms of the aromatic
ring(s) with fluorine atoms. Specific examples thereofinclude
1,3- or 1,4-pertluorophenylene diisocyanate, 3,5,6- or 3,4,5-
trifluoro-2,4- or 2,6-tolylene diisocyanate and tetratluoro-2,
4'- or 4,4'-diphenylmethane diisocyanate.

A fluorine-containing aromatic polyisocyanate (A32) is
prepared by substituting a part of hydrogen atoms of the
aromatic ring(s) with fluorine atoms. Specific examples
thereof include a triffuoromethyl-monofluoro-phenylene-1,3
or 1,4-diisocyanate and 2,4'- or 4,4'-diphenyldifluoromethane
diisocyanate.

A fluorine-containing aromatic polyisocyanate (A33) is
prepared by substituting all hydrogen atoms with fluorine
atoms. Specific examples thereof include 2,4- or 2,6-perfluo-
rotolylene diisocyanate and 2.4'- or 4,4'-perfluorodiphenyl-
methane diisocyanate.

Note that a fluorine-containing aromatic polyisocyanate
compound (A3) may be a single compound or a mixture of
two or more compounds.

Of these fluorine-containing aromatic polyisocyanate
compounds (A3), in view of e.g., reactivity, a fluorine-con-
taining aromatic polyisocyanate (A31) and a fluorine-con-
taining aromatic polyisocyanate (A33), which are prepared
by at least partly or wholly substituting hydrogen atoms of the
aromatic ring(s) with fluorine atoms, are preferable; and fur-
ther preferably, a fluorine-containing aromatic polyisocyan-
ate (A33) is mentioned.

When a fluorine-containing aromatic polyisocyanate com-
pound (A3) is used, in view of e.g., safety such as mutage-
nicity, the content (wt %) of (A3) based on the weight of a
fluorine-containing non-aromatic polyisocyanate compound
(A1) is preferably 0.1 to 5, further preferably 0.2 to 3, and
particularly preferably 0.3 to 2.

The content (wt %) of hydrolytic chlorine in a polyisocy-
anate component (A) based on the weight of (A) is preferably
0.05 or less, further preferably 0.04 or less, and still further
preferably 0.03 or less. If the hydrolytic chlorine content falls
within the range, it is possible to provide a medical adhesive
hard to be colored and hard to be changed in wet adhesive
strength upon y ray irradiation (about 25 kGy) indispensable
for sterilization of a medical adhesive.

Furthermore, the content (wt %) of hydrolytic chlorine in a
medical adhesive based on the weight of a hydrophilic ure-
thane prepolymer (UP) is preferably 0.015 or less and further
preferably 0.010 or less, in view of colorability and wet
adhesiveness.

The hydrolytic chlorine is conceivably ascribed to raw
materials (unreacted compounds) and an intermediate for
producing a polyisocyanate and impurities such as hydrogen
chloride, phosgene, triphosgene, carbamyl chloride, chloro-
formate, benzyl chloride, carbodiimide and carbamoyl chlo-
ride.

Note that the hydrolytic chlorine content is measured in
accordance with JISK1603-3: 2007.

10

15

20

25

30

35

40

45

50

60

65

6

In the present invention, a polyol component (B), which is
acomponent including a hydrophilic polyol (B1) as an essen-
tial ingredient, may include other polyols (B2) having low
hydrophilicity.

Examples of the hydrophilic polyol (B1) include a polyol
having an oxyethylene group content 0f 30 to 100 wt % based
on the weight of (B1), and e.g., a polyether polyol (B1-1)
containing an oxyethylene group and a polyester polyol (B1-
2) obtained from (B1-1) as an essential ingredient can be
used.

The solubility parameter (SP value) of a hydrophilic polyol
(B1) preferably falls within the range of 7 to 17 and further
preferably 8 to 16, in view of reactivity and adhesive strength.

Furthermore, the HLB of a hydrophilic polyol (B1) is
preferably 4 to 20 and further preferably 4.5 to 20, in view of
reactivity and adhesive strength.

Herein, the term “HLB” refers to an index showing balance
between hydrophilicity and lipophilicity and can be calcu-
lated from a ratio of the organicity value and the inorganicity
value of an organic compound, in accordance with the Oda
method described, for example, in “Introduction to Surfac-
tants” [written by Takehiko Fujimoto, issued by Sanyo
Chemical Industries, Ltd. in 2007], page 212.

HLB~10xinorganicity/organicity

The organicity and inorganicity values for obtaining HL.B
can be calculated from values listed in the table described on
page 213 in the “Introduction to Surfactants.”

As a polyether polyol (B1-1) containing an oxyethylene
group, e.g., an ethylene oxide adduct to a compound having at
least two active hydrogen atoms or a co-adduct of ethylene
oxide and an alkylene oxide having 3 to 8 carbon atoms (e.g.,
1,2- or 1,3-propylene oxide, 1,2-, 1,3-, 2,3- or 1,4-butylene
oxide and styrene oxide) can be used. In the case of a co-
adduct, the addition manner may be random, block and a
mixture of these; however random addition is preferable in
view of adhesive strength.

Furthermore, as the alkylene oxide having 3 to 8 carbon
atoms, 1,2-propylene oxide is preferable in view of adhesive
strength.

As the compound having at least two active hydrogen
atoms, e.g., water, a diol, a polyol of 3 to 8 valences, a
dicarboxylic acid, a polycarboxylic acid of 3 to 4 valences, a
monoamine, a polyamine and a polythiol can be used.

Note that when a compound having two active hydrogen
atoms is used, a divalent hydrophilic polyol is obtained. When
a compound having three or more active hydrogen atoms is
used, a hydrophilic polyol of trivalence or more is obtained.

As the diol, e.g., an alkylene glycol having 2 to 30 carbon
atoms (e.g., ethylene glycol, 1,2-propylene glycol, 1,3-pro-
pylene glycol, 1,4-butane diol, 1,6-hexane diol, octane diol,
decane diol, dodecane diol, tetradecane diol, neopentyl gly-
col and 2,2-diethyl-1,3-propanediol); an alicyclic diol having
6 to 24 carbon atoms (e.g., 1,4-cyclohexane dimethanol and
hydrogenated bisphenol A); a bisphenol having 15 to 30
carbon atoms (e.g., bisphenol A, bisphenol F and bisphenol
S); and dihydroxybenzene (e.g., catechol and hydroquinone)
can be used.

As the polyol of 3 to 8 valences, e.g., an aliphatic polyhy-
dric alcohol having 3 to 8 carbon atoms (e.g., glycerin, trim-
ethylolethane, trimethylolpropane, pentaerythritol, sorbitan,
diglycerol and sorbitol) can be used.

As the dicarboxylic acid, e.g., an alkane dicarboxylic acid
having 4 to 32 carbon atoms (e.g., succinic acid, adipic acid,
sebacic acid, azelaic acid, sebacic acid, dodecane dicarboxy-
lic acid, octadecane dicarboxylic acid, dodecyl succinic acid
and octadecyl succinic acid); an alkene dicarboxylic acid
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having 4 to 32 carbon atoms (e.g., maleic acid, fumaric acid,
citraconic acid, mesaconic acid, dimer acid, dodecenyl suc-
cinic acid and pentadecenyl succinic acid); and an aromatic
dicarboxylic acid having 8 to 20 carbon atoms (e.g., phthalic
acid, isophthalic acid, terephthalic acid and naphthalene
dicarboxylic acid) can be used. Other than these, e.g., an
anhydride of a dicarboxylic acid (e.g., maleic anhydride and
phthalic anhydride) and a lower alkyl (1 to 4 carbon atoms)
ester (e.g., methyl ester, ethyl ester, isopropyl ester and t-butyl
ester) can be also used.

As the polycarboxylic acid of 3 to 4 valences, e.g., aromatic
polycarboxylic acid having 9 to 20 carbon atoms (e.g., trim-
ellitic acid and pyromellitic acid) can be used. Other than
these, e.g., a polycarboxylic acid anhydride (e.g., trimellitic
anhydride and pyromellitic anhydride) and a lower alkyl (1 to
4 carbon atoms) ester (e.g., methyl ester, ethyl ester and
isopropyl ester) can be also used.

As the monoamine, e.g., an ammonia and an aliphatic
primary amine having 1 to 20 carbon atoms {e.g., an alkyl
amine having 1 to 20 carbon atoms (e.g., methylamine, ethy-
lamine, propylamine, hexylamine, dodecylamine and eicosyl
amine)}; an alicyclic amine having 4 to 15 carbon atoms (e.g.,
piperidine, aminocyclohexane, isophorone monoamine and
4-methylene dicyclohexane monoamine); and an aromatic-
ring containing aliphatic amine having 6 to 15 carbon atoms
(e.g., benzylamine) can be used.

As the polyamine, e.g., an aliphatic polyamine having 2 to
18 carbon atoms {e.g., an alkylenediamine having 2 to 12
carbon atoms (e.g., ethylenediamine, propylenediamine, tri-
methylenediamine, hexamethylenediamine, N,N'-diethyleth-
ylenediamine and undecylenediamine) and a polyalkylene (2
to 6 carbon atoms) polyamine (e.g., diethylenetriamine,
dipropylenetriamine, triethylenetetramine and pentaethyl-
enenhexamine)}; an alicyclic polyamine having 4 to 15 car-
bon atoms (e.g., 1,3-diaminocyclohexane, isophorone
diamine and 4,4'-methylenedicyclohexanediamine); and a
heterocyclic polyamine having 4 to 15 carbon atoms (e.g.,
piperazine, N-aminoethylpiperazine, 1,4-diaminoethylpip-
erazine and N-aminoethylpyridine) can be used.

As the polythiol, e.g., dithiol having 2 to 24 carbon atoms
(e.g., ethanedithiol, 1,4-butanedithiol and 1,6-hexanedithiol)
and a polythiol of 3 to 6 valences having 5 to 3000 carbon
atoms [e.g., trade name: Capcure 3800 (manufactured by
Japan Epoxy Resins Co., [.td.) and polyvinylthiol] can be
used.

As the compound having at least two active hydrogen
atoms, other than the aforementioned ones, e.g., an amino
acid, an oxycarboxylic acid and an amino alcohol can be also
used.

A compound having at least two active hydrogen atoms
may be a single compound or a mixture of two or more
compounds.

As the compound having at least two active hydrogen
atoms, water and a diol are preferable in view of safety to a
living body and adhesive strength; further preferably, water
and an alkylene glycol are mentioned; and particularly pref-
erably water and an alkylene glycol having 2 to 4 carbon
atoms are mentioned.

Preferable examples of a polyether polyol (B1-1) contain-
ing an oxyethylene group include an ethylene oxide adduct to
a diol (e.g., ethylene oxide adduct to ethylene glycol and an
ethylene oxide adduct to propylene glycol) and a co-adduct of
ethylene oxide and an alkylene oxide having 3 to 8 carbon
atoms to a diol (e.g., a random or block co-adduct of ethylene
oxide and propylene oxide to ethylene glycol and a random or
block co-adduct of ethylene oxide and butylene oxide to
ethylene glycol).
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As the polyether polyol (B1-1), an ethylene oxide adduct to
adiol and a co-adduct of ethylene oxide and propylene oxide
to a diol are preferable, since the reactivity to water increases
and e.g., a further satisfactory adhesive strength is obtained;
and particularly preferably, a co-adduct of ethylene oxide and
propylene oxide to a diol is mentioned.

A polyether polyol (B1-1) may be a single compound or a
mixture of two or more compounds.

The hydroxyl-group equivalent of a polyether polyol (B1-
1) (the number average molecular weight of a polyether
polyol (B1-1) per hydroxyl group) is preferably 50 to 5000,
further preferably 100 to 4000, and particularly preferably
200 to 3000. If the hydroxyl-group equivalent falls within the
range, e.g., further satisfactory adhesive strength is obtained.

Note that the hydroxyl-group equivalent is determined in
accordance with JIS K1557-1: 2007.

As the polyester polyol (B1-2) obtained from a polyether
polyol (B1-1) as an essential ingredient, e.g., a polyester
between a polyether polyol (B1-1) and a dicarboxylic acid, a
dicarboxylic acid anhydride, and/or a dicarboxylic acid lower
alkyl ester as mentioned in the above section of a compound
having at least two active hydrogen atoms can be used. These
polyesters each are terminated with a hydroxyl group.

Note that, as a part of a dicarboxylic acid, a dicarboxylic
acid anhydride and/or a dicarboxylic acid lower alkyl ester,
e.g., a polycarboxylic acid, a polycarboxylic acid anhydride
and a polycarboxylic acid lower alkyl ether can be also used.
When these are used, the use amount (mole %) of these based
on the total mole number of all carboxylic acids, carboxylic
acid anhydrides and carboxylic acid lower alkyl esters is
preferably 0.1 to 10, further preferably 0.1 to 5, and particu-
larly preferably 0.1 to 2. If the use amount falls within the
range, e.g., further satisfactory adhesive strength is obtained.

Preferable examples of polyester polyol (B1-2) include a
polyester diol between an ethylene oxide adduct to diol (e.g.,
an ethylene oxide adduct to ethylene glycol, an ethylene
oxide adduct to propylene glycol) and a dicarboxylic acid
(e.g., adipic acid, sebacic acid, maleic acid and phthalic acid),
a dicarboxylic acid anhydride and/or a dicarboxylic acid
lower alkyl ester (e.g., dicarboxylic acid methyl or ethyl
ester); and a polyester diol between a co-adduct of ethylene
oxide and an alkylene oxide having 3 to 8 carbon atoms to a
diol (e.g., a random or block co-adduct of ethylene oxide and
1,2- or 1,3-propylene oxide to ethylene glycol, and a random
or block co-adduct of ethylene oxide and 1,4-butylene oxide
to propylene glycol) and a dicarboxylic acid, a dicarboxylic
acid anhydride and/or a dicarboxylic acid lower alkyl ester.

Of them, in view of e.g., adhesive strength, a polyester diol
between an ethylene oxide adduct to a diol and a dicarboxylic
acid, a dicarboxylic acid anhydride and/or a dicarboxylic acid
lower alkyl ester; and a polyester diol between co-adduct of
ethylene oxide and propylene oxide to a diol and a dicarboxy-
lic acid, a dicarboxylic acid anhydride and/or a dicarboxylic
acid lower alkyl ester are preferable. Further preferably, a
polyester diol between an ethylene oxide adduct to a diol and
a dicarboxylic acid, a dicarboxylic acid anhydride and/or a
dicarboxylic acid lower alkyl ester is mentioned.

A polyester polyol (B1-2) may be a single compound or a
mixture of two or more compounds.

The hydroxyl-group equivalent of a polyester polyol (B1-
2) is preferably 50 to 5000, further preferably 100 to 4000,
and particularly preferably 200 to 3000. If the hydroxyl-
group equivalent falls within the range, e.g., further satisfac-
tory adhesive strength is obtained.

A hydrophilic polyol (B1) may be a single compound or a
mixture of two or more compounds.
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As the hydrophilic polyol (B1), a polyether polyol (B1-1)
is preferable since the reactivity to water increases and e.g.,
further satisfactory adhesive strength is obtained; further
preferably, an ethylene oxide adduct to a diol and a co-adduct
of ethylene oxide and propylene oxide to a diol are men-
tioned; and particularly preferably, a co-adduct of ethylene
oxide and propylene oxide to a diol is mentioned.

The content (wt %) of an oxyethylene group in a hydro-
philic polyol (B1) based on the weight of the hydrophilic
polyol (B1) is preferably 30 to 100, further preferably 40 to
95, and still further preferably 50 to 90. If the content falls
within the range, e.g., further satisfactory adhesive strength is
obtained.

Examples of other polyols (B2) having low hydrophilicity
include diols and polyols of 3 to 6 valences as described in the
above section of a compound having at least two active hydro-
gen atoms. Other than these, a polyol containing an oxyalky-
lene group and having an oxyethylene group content of less
than 30 wt % based on the weight of the polyol (B2), is
included. For example, a polyether polyol (B2-1), a polyester
polyol (B2-2) obtain from the polyether polyol (B2-1) as an
essential ingredient, and a polyester polyol (B2-3) containing
neither an oxyethylene group nor an oxyalkylene group hav-
ing 3 to 8 carbon atoms, can be used.

As the polyether polyol (B2-1), e.g., a (co)-adduct of an
alkylene oxide having 3 to 8 carbon atoms to a compound
having at least two active hydrogen atoms and a co-adduct of
ethylene oxide and an alkylene oxide having 3 to 8 carbon
atoms to a compound having at least two active hydrogen
atoms can be used. However, the oxyethylene group content
based on the weight of the polyol (B2-1) is less than 30 wt %.

Preferable examples of the polyether polyol (B2-1) include
apolypropylene glycol (a 1,2- or 1,3-propylene oxide adduct
to propylene glycol), an ethylene oxide adduct to a polyalky-
lene glycol (e.g., a block adduct of ethylene oxide and pro-
pylene oxide to ethylene glycol or propylene glycol and hav-
ing an ethylene oxide content of 5 to 30 wt %), a random
copolymer of propylene oxide and ethylene oxide (e.g., a
random adduct of ethylene oxide and propylene oxide to
ethylene glycol or propylene glycol and having an ethylene
oxide content of 10 to 25 wt %), a polytetramethylene glycol
(al,2-,1,3-,2,3- or 1,4-butylene oxide adduct to 1,4-butylene
glycol), and a copolymer of 1,4-butylene oxide and ethylene
oxide (a block or random adduct of ethylene oxide (10 to 25
wt %) and 1,4-butylene oxide (75 to 90 wt %) to ethylene
glycol or butylene glycol and having an ethylene oxide con-
tent of 10 to 25 wt %).

Of these, in view of e.g., adhesiveness, an ethylene oxide
adduct (ethylene oxide content: 5 to 30 wt %) to a polypro-
pylene glycol is preferable, and an ethylene oxide adduct to
polypropylene glycol (ethylene oxide content: 15to 30 wt %)
is further preferable.

A polyether polyol (B2-1) may be a single compound or a
mixture of two or more compounds.

The preferable range of hydroxyl-group equivalent of a
polyether polyol (B2-1) is the same as the range in the case of
a polyether polyol (B1-1).

As the polyester polyol (B2-2) obtained from a polyether
polyol (B2-1) as an essential ingredient, e.g., a polyester
polyol that can be derived from a polyether polyol (B2-1) and
a dicarboxylic acid, a dicarboxylic acid anhydride or a dicar-
boxylic acid lower alkyl ester as mentioned above can be
used.

Preferable examples of the polyester polyol (B2-2) include
apolyester polyol which can be derived from a polypropylene
glycol (1,2- or 1,3-propylene oxide adduct to a propylene
glycol), an ethylene oxide adduct to a polyalkylene glycol
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(e.g., a block adduct of ethylene oxide and propylene oxide to
ethylene glycol or propylene glycol and having an ethylene
oxide content of 5 to 30 wt %), a random copolymer of
propylene oxide and ethylene oxide (e.g., a random adduct of
ethylene oxide and propylene oxide to ethylene glycol or
propylene glycol and having an ethylene oxide content of 10
to 25 wt %), a polytetramethylene glycol (1,2-, 1,3-; 2,3- or
1,4-butylene oxide adduct to 1,4-butylene glycol), and/or a
copolymer of 1,4-butylene oxide and ethylene oxide (e.g.,
block or random adduct of ethylene oxide (10 to 25 wt %) and
1,4-butylene oxide (75 to 90 wt %) to ethylene glycol or
butylene glycol and having an ethylene oxide content of 10 to
25 wt %), and a dicarboxylic acid (e.g., adipic acid, sebacic
acid, maleic acid and phthalic acid), a dicarboxylic acid anhy-
dride and/or a dicarboxylic acid lower alkyl ester (e.g., a
methyl ester and ethyl ester of dicarboxylic acid).

A polyester polyol (B2-2) may be a single compound or a
mixture of two or more compounds.

As a polyester polyol (B2-3) containing neither an oxyeth-
ylene group nor an oxyalkylene group having 3 to 8 carbon
atoms, for example, a polyester that can be derived from at
least one of the above diols and the above polyols of 3 to 6
valences, and at least one of the above dicarboxylic acids, the
above dicarboxylic acid anhydrides and the above dicarboxy-
lic acid lower alkyl esters, and a polyester derived from ring-
opening polymerization of a caprolactone can be used.

Preferable examples of the polyester polyol (B2-3) include
a polyester diol derived from butane diol and adipic acid; a
polyester diol derived from ethylene glycol and adipic acid; a
polyester diol derived from hexamethylene glycol and adipic
acid; a polyester diol derived from ethylene glycol and butane
diol, and adipic acid; a polyester diol derived from ethylene
glycol and sebacic acid; a polyester diol derived from cyclo-
hexane diol and phthalic acid; and a polycaprolactone derived
from ring-opening polymerization of a caprolactone.

A polyester polyol (B2-3) may be a single compound or a
mixture of two or more compounds.

Of these other polyols (B2) having low hydrophilicity, a
polyether polyol (B2-1) having an oxyethylene group content
of less than 30 wt % is preferable, in view of e.g., adhesive
strength; further preferably, polypropylene glycol and an eth-
ylene oxide (5 to 15 wt %) adduct to polypropylene glycol are
mentioned; and particularly preferably polypropylene glycol
is mentioned.

The content (wt %) of an oxyethylene group in the whole
polyol component (B) based on the weight of the polyol
component (B) is preferably 30 to 100, further preferably 35
to 98, particularly preferably 40 to 95 and most preferably 50
to 90. If the content falls within the range, e.g., further satis-
factory adhesive strength is obtained.

Furthermore, the average hydroxyl-group equivalent ofthe
whole polyol component (B) is preferably 50 to 5000, further
preferably 100 to 4000, and particularly preferably 200 to
3000. If the equivalent falls within the range, e.g., further
satisfactory adhesive strength is obtained.

When a hydrophilic polyol (B1) and another polyol (B2)
having low hydrophilicity are used in combination, as the
hydrophilic polyol (B1), a polyether polyol (B1-1) is prefer-
able; an ethylene oxide adduct to a diol (e.g., an ethylene
oxide adduct to ethylene glycol and an ethylene oxide adduct
to propylene glycol) and a co-adduct of ethylene oxide and an
alkylene oxide having 3 to 8 carbon atoms to a diol (e.g., a
random or block co-adduct of ethylene oxide and propylene
oxide to ethylene glycol, and a random or block co-adduct of
ethylene oxide and butylene oxide to ethylene glycol) are
further preferable; a co-adduct of ethylene oxide and propy-
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lene oxide to a diol is still further preferable; and a random
co-adduct of ethylene oxide and propylene oxide to a diol is
particularly preferable.

When (B1) and (B2) are used in combination, as the other
polyols (B2) having low hydrophilicity, other than a diol and
a polyol of 3 to 6 valences, a polyether polyol having an
oxyethylene group content of less than 30 wt % based on the
weight of the polyol (B2) is preferable; a polyether polyol
containing an oxypropylene group and having an oxyethyl-
ene group content of less than 30 wt % based on the weight of
the polyol (B2) is further preferable; and a polypropylene
glycol is particularly preferable.

When (B1) and (B2) are used in combination, as the polyol
component (B), in view of adhesiveness, a mixture of a poly-
ether polyol (B1-1) and a polyether polyol having an oxyeth-
ylene group content of less than 30 wt % based on the weight
of (B2) is preferable; and a mixture of a co-adduct of ethylene
oxide and propylene oxide to a diol and a polyether polyol
containing an oxypropylene group and having an oxyethyl-
ene group content of less than 30 wt % based on the weight of
(B2) is further preferable; and a mixture of a random co-
adduct of ethylene oxide and propylene oxide to a diol and
polypropylene glycol is still further preferable.

When (B1) and (B2) are used in combination, the content
(wt %) of (B1) in the polyol component (B) based on the
weight of (B) is preferably 20 to 99 and further preferably 30
to 95, in view of adhesiveness.

The content (wt %) of (B2) in the polyol component (B)
based on the weight of (B) is preferably 1 to 80 and further
preferably 5 to 70, in view of adhesiveness.

The content (wt %) of an oxyethylene group in a medical
adhesive based on the weight of a hydrophilic urethane pre-
polymer (UP) is preferably 30 to 90 and further preferably 40
to 80, in view of reactivity.

A hydrophilic urethane prepolymer (UP) is obtained by
reacting a polyisocyanate component (A) and a polyol com-
ponent (B).

The use amount ratio of'a polyisocyanate component (A) to
a polyol component (B) is preferably 1.5 to 3, further prefer-
ably 1.8 to 2.3, and particularly preferably 1.9 to 2.1 in terms
of equivalent ratio (NCO group/OH group) of an isocyanate
group of (A) to a hydroxyl group of (B). If the use amount
ratio falls within the range, viscosity is relatively low, with the
result that the adhesive can be further easily handled and
further satisfactory wet adhesive strength is obtained.

As amethod for producing a hydrophilic urethane prepoly-
mer (UP), a method conventionally known in the art (e.g.,
International Publication No. W003/051952) is sufficient.
For example, a method of reacting a polyisocyanate compo-
nent (A) and a polyol component (B) at 50 to 100° C. for 1 to
10 hours is mentioned. In this case, a polyisocyanate compo-
nent (A) and a polyol component (B) may be added in the
beginning or gradually added dropwise.

The hydrophilic urethane prepolymer (UP) has a structure
having at least two (preferably two) isocyanate groups in a
molecule without an active hydrogen atom.

Note that the isocyanate group in a hydrophilic urethane
prepolymer (UP) is preferably present at a position rarely
undergoing sterical hindrance, in view of e.g., the reactivity
with e.g., blood and body fluid, and further preferably at a
terminal position thereof rarely undergoing sterical hin-
drance.

Furthermore, the content (wt %) of an isocyanate group in
a hydrophilic urethane prepolymer (UP) {the weight ratio of
an isocyanate group to the whole weight of (UP)} is prefer-
ably 1 to 10, further preferably 1.2 to 8, and particularly
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preferably 1.5 to 6. If the content falls within the range,
further satisfactory wet adhesive strength is obtained.

Note that the isocyanate group content can be measured by
a method which includes adding an excessive amount of
di-n-butylamine solution to a sample for reaction, and per-
forming residual titration of unreacted di-n-butylamine with a
hydrochloric acid standard solution in accordance with, for
example, JISK7301-1995, 6.3 (isocyanate group content
rate).

The number average molecular weight (Mn) of a hydro-
philic urethane prepolymer (UP) is preferably 500 to 30,000,
further preferably 800 to 20,000, particularly preferably
1,000 to 10,000, and most preferably 1,200 to 8,000. If Mn
falls within the range, further satisfactory wet adhesive
strength is obtained.

Note that the number average molecular weight (Mn) is
determined by gel permeation chromatography (GPC) using
polyoxyethylene glycol as a standard substance.

Apparatus: gel permeation chromatography

Solvent: THF

Reference substance: Polystyrene

Sample concentration: 0.25 wt %

Column stationary phase: TSKgelSuperH4000

Column temperature: 40° C.

In the medical adhesive of the present invention, the chlo-
rine content in a chlorine-containing organic compound
based on the weight of a hydrophilic urethane prepolymer
(UP) is 0.005 wt % or less, preferably 0.004 wt % or less, and
further preferably 0.003 wt % or less. The lower-limit value of
the chlorine content in a chlorine-containing organic com-
pound of a medical adhesive based on the weight of a hydro-
philic urethane prepolymer (UP) is not particularly limited,
but may be 0.0001 wt %. Alternatively chlorine contained in
a chlorine-containing organic compound may not be con-
tained in a medical adhesive.

If the chlorine content in a chlorine-containing organic
compound falls within the range, a safe medical adhesive
which can become a cured body can be provided. The cured
body is hard to be degraded and decomposed and thus stable
and generates less amount of carboxylic acid, aldehyde, etc.
due to degradation/decomposition.

The chlorine-containing organic compound refers to an
intermediate and a by-product having chlorine atoms in the
molecule of organic compound, which are produced in pro-
ducing a fluorine-containing non-aromatic polyisocyanate
compound (A1l). The chlorine-containing organic compound
also refers to a reaction product between these and a polyol
component (B); and more specifically, refers to the following
compounds (1) to (14), a reaction product between a com-
pound (1) and (B), a reaction product between a compound
(2) and, (B), a reaction product between a compound (7) and
(B), and a reaction product between a compound (8) and (B).
However, the timing of adding a chlorine-containing organic
compound is not limited to a step of producing an isocyanate.
It it is added to a final product, the stability of a cured body
will be damaged.

Compound (1): Compound represented by the following
general formula (I). In the general formula (I), n represents an
integer of 1 to 20.

OCNCH,(CF>),CH,0COC! @

Compound (2): Compound represented by the following
general formula (I). In the general formula (II), n represents
an integer of 1 to 20.

OCNCH,(CF>),CH,CI an
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Compound (3): Compound represented by the following
general formula (I1I). In the general formula (II1), n represents
an integer of 1 to 20.

CIOCOCH,(CF,),CH,0COCI (I

Compound (4): Compound represented by the following
general formula (IV). In the general formula (IV), n repre-
sents an integer of 1 to 22.

CICH,(CF,),CH,Cl av)

Compound (5): Compound represented by the following
general formula (V).

O(CH,CH,CI), %2

Compound (6): Compound represented by the following
general formula (VI).

CIOCO(CH,CH,0CH,),OCH, VI

Compound (7): Compound represented by the following
general formula (VII). In the general formula (VII), n repre-
sents an integer of 1 to 22.

OCN(CF,),0C0Cl (VI

Compound (8): Compound represented by the following
general formula (VIII). In the general formula (VIII), n rep-
resents an integer of 1 to 22.

OCN(CF»),Cl (VII)

Compound (9): Compound represented by the following
general formula (IX). In the general formula (IX), n repre-
sents an integer of 1 to 22.

CIOCO(CF,),0C0OC! (IX)

Compound (10): Compound represented by the following
general formula (X). In the general formula (X), n represents
an integer of 1 to 22.

Cl(CF,),Cl X

Compound (11): Compound represented by the following
general formula (XI).

0 (CH,CH,0COCl), (XI)

Compound (12): Compound represented by the following
general formula (XII).

CIOCOCH,CH,0CH,CH,0COC] (XII)

Compound (13): Compound represented by the following
general formula (XIII).

CICH,CH,OCH,CH,0COCI (XTIT)

Compound (14): Compound represented by the following
general formula (XIV).

CICH,CH,OCH,CH,0CH,

Of the above compounds (1) to (14), the compounds (1) to
(4) and (7) to (10) are intermediates and by-products (C1)
obtained in producing a fluorine-containing non-aromatic
polyisocyanate compound (Al). Furthermore, the com-
pounds (5), (6) and compounds (11) to (14) are chlorinated
by-products (C2) which is a chlorinated solvent used in syn-
thesizing a fluorine-containing non-aromatic polyisocyanate
compound (Al). Furthermore, a reaction product between
compounds (1) and (B), a reaction product between com-
pounds (2) and (B), a reaction product between compounds
(7) and (B) and a reaction product between compounds (8)
and (B) are reaction products (C3) produced by a reaction
with a polyol component (B).

In the above compounds (1) to (4) and (7) to (10), n is
basically the same as the number of perfluoroalkylene groups

X1v)
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of a fluorine-containing non-aromatic polyisocyanate com-
pound (A1) which is a main product.

However, in the case where a raw material or an interme-
diate different in number of perfluoroalkylene groups is
mixed, there is a possibility of producing a chlorine-contain-
ing organic compound derived from it. In this case, the result-
ant medical adhesive may contain a chlorine-containing
organic compound in which n is the same as the number of
perfluoroalkylene groups of a main product (A1) and a chlo-
rine-containing organic compound in which n is different
from the number of perfluoroalkylene groups of (Al).

In the medical adhesive of the present invention, the chlo-
rine content in a chlorine-containing organic compound of the
adhesive based on the weight of a hydrophilic urethane pre-
polymer (UP) is sufficiently 0.005 wt % or less, preferably
0.004 wt % or less and further preferably 0.003 wt % or less,
in view of reducing degradation/decomposition of a cured
body and generation of e.g., carboxylic acid and aldehyde due
to degradation/decomposition.

In the medical adhesive, the chlorine content in a chlorine-
containing organic compound can be controlled so as to fall
within the above range by reducing the content of the chlo-
rine-containing organic compound. As a reduction method,
e.g., purification of a fluorine-containing non-aromatic poly-
isocyanate compound (A1) by distillation and a method of
synthesizing a fluorine-containing non-aromatic polyisocy-
anate compound (Al) by a synthesis method in absence of
phosgene, diphosgene and triphosgene, are mentioned.

The content of the chlorine-containing organic compound
is measured by gas chromatography (GC). The conditions of
GC are shown below.
<GC Conditions>
Apparatus: Gas Chromatograph GC-2014 manufactured by

Shimadzu Corporation
Column: DB-5 (length: 30 m, inner diameter: 0.32 mm, film

thickness: 0.25 pm) manufactured by Agilent Technologies
Temperature of vaporizing chamber: 200° C.

Detector temperature: 200° C.

Initial temperature of column: 50° C.

Column temperature raising rate: 10° C./minute

Final column temperature: 250° C.

Sample concentration: Undiluted solution is used as a mea-
surement sample.

Note that the peak position (retention time) of each chlo-
rine-containing organic compound is checked in advance by
use of a gas chromatography mass spectrometer (GCMS).
<GCMS Conditions>
Apparatus: Quadrupole type mass spectrometer (GCMSQP-

5000) manufactured by Shimadzu Corporation
<GC conditions>: The same as the above GC conditions
<MS Conditions>
Mass range in the beginning of measurement: EI35 to 600
Scan interval (I): 1.0 sec
Threshold value (T): 500
Solvent Elution time: 0.05 min
Measurement initiation time: 0.1 min
Measurement termination time: 30 min
Scan gain: 0.8 KV
<Calculation of the Chlorine Content in Chlorine-Containing
Organic Compound of Medical Adhesive>

As is shown in the following formula 1, a quantitative value
(g) of each of the chlorine-containing organic compounds is
multiplied by the chlorine content rate of the chlorine-con-
taining organic compound. The sum of them is divided by the
weight (g) of the measurement sample to calculate obtain the
chlorine content (wt %) in chlorine-containing organic com-
pounds of a medical adhesive.
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The weight of the measurement sample means the weight
of a hydrophilic urethane prepolymer (UP) in the medical
adhesive. For example, when the weight of a medical adhe-
sive is 100 g, and 90 g of a hydrophilic urethane prepolymer
(UP) is contained in the medical adhesive (100 g), the weight
of the measurement sample is regarded as 90 g.

Chlorine content in chlorine-containing organic com-
pounds of medical adhesive (wt %)=[{Z(quanti-
tative value of each of a chlorine-containing
organic compounds (g)xchlorine content rate of
each of the chlorine-containing organic com-
pounds)}/weight of measurement sample (g)]x
100 (Formula 1)

Note that the chlorine content rate of each of the chlorine-
containing organic compounds is calculated in accordance
with the following formula.

The chlorine content rate of a chlorine-containing
organic compound=the number of chlorine atoms
in the chlorine-containing organic compoundxthe
atomic weight (35.5 [g/mol]) of chlorine/molecu-
lar weight [g/mol] of the chlorine-containing

organic compound (Formula 2)

The medical adhesive of the present invention may further
contain a phenolic radical scavenger (PRS). If (PRS) is con-
tained, a sheet-form or a sponge-form cured body produced
by the reaction of a hydrophilic urethane prepolymer (UP)
with water can be suppressed from degradation/decomposi-
tion with time. In this manner, adhesive strength can be pre-
vented from reducing.

Examples of the phenolic radical scavenger (PRS) include
radical scavengers based on a monophenol, a bisphenol or a
polymer phenol.

Examples of the monophenol-based radical scavenger
include 2,6-di-t-butyl-p-cresol {for example, Antage BHT
manufactured by Kawaguchi Chemical Industry Co., Ltd.}, a
butylated hydroxy anisole {for example, Orient BHT manu-
factured by Orient Chemical Industries Co., Ltd.}, 2,6-di-t-
butyl-4-ethylphenol {for example, NOCLIZER-M-17 manu-
factured by OUCHI SHINKO CHEMICAL INDUSTRIAL
CO., LTD} and Stearyl-B-(3,5-di-t-butyl-4-hydroxyphenyl)
propionate {for example, Adekastab AO-50 manufactured by
Asahi Denka Co., Ltd.}.

Examples of the bisphenol-based radical scavenger
include 2,2'-methylenebis(4-methyl-6-t-butylphenol) {for
example, Antage W-400 manufactured by Kawaguchi
Chemical Industry Co., Ltd.}, 2,2"-methylenebis(4-ethyl-6-t-
butylphenol) {for example, Antage W-500 manufactured by
Kawaguchi Chemical Industry Co., Ltd.}, 4,4'-butylidenebis
(3-methyl-6-t-butylphenol) {for example, Antage Crystal
manufactured by Kawaguchi Chemical Industry Co., Ltd.},
4 4'-thiobis(3-methyl-6-t-butylphenol) {for example, Antage
W-300, manufactured by Kawaguchi Chemical Industry Co.,
Ltd.}, 1,6-hexanediol-bis[3-(3,5-di-t-butyl-4-hydroxyphe-
nyl)propionate] {for example, IRGANOX $259 manufac-
tured by Ciba Speciality Chemicals) and 3,9-bis[1,1-dim-
ethyl-2-[ p-(3-t-butyl-4-hydroxy-5-methylphenyl)propionyl]
ethyl]2,4,8,10-tetraoxaspiro[5,5]undecane  {for example,
Adekastab AO-80 manufactured by Asahi Denka Co., Ltd.}.

Examples ofthe polymer-based phenolic radical scavenger
include  tetrakis-[methylene-3-(3',5'-di-t-butyl-4'-hydrox-
yphenyl)propionate]methane {for example, IRGANOX 1010
manufactured by Ciba Speciality Chemicals}, 1,3,5-trim-
ethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxybenzil)benzene { for
example, Adekastab AO-330 manufactured by Asahi Denka
Co., Ltd.}, 1,1,3-tris(2-methyl-4-hydroxy-5-t-butylphenyl)
butane {for example, Adekastab AO-30 manufactured by
Asahi Denka Co., Ltd.}, bis[3,3"-bis-(4"-hydroxy-3'-t-bu-
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tylphenyl)butyric acid]glycol ester {for example, anti-oxi-
dant TMOZ manufactured by Hoechst AG} and 1,3,5-tris(3',
5'-di-t-butyl-4'-hydroxybenzyl)-sec-triadine-2,4,6-(1H,3H,
5H)trione {for example, Adekastab AO-20, manufactured by
Asahi Denka Co., Ltd.}.

The phenolic radical scavenger (PRS) has a molecular
weight of preferably 500 to 1200, further preferably 600 to
1100, and particularly preferably 700 to 1000. If the molecu-
lar weight falls within the range, a cured body is further hard
to be degraded and decomposed with time.

The phenolic radical scavenger (PRS) preferably has at
least two hydroxyl groups, further preferably 2 to 5 hydroxyl
groups, and particularly preferably 3 to 4 hydroxyl groups. If
the number of hydroxyl groups falls within the range, a cured
body is even harder to be degraded and decomposed with
time.

Of these phenolic radical scavengers, in view of, e.g., sup-
pression of degradation/decomposition of a cured body with
time, a bisphenol-based radical scavenger and a polymer-
based phenolic radical scavenger are preferable. Further pref-
erably, tetrakis-| methylene-3-(3',5'-di-t-butyl-4'-hydrox-
yphenyl)propionate|methane, 1,1,3-tris(2-methyl-4-
hydroxy-5-t-butylphenyl)butane, 1,3,5-trimethyl-2,4,6-tris
(3,5-di-t-butyl-4-hydroxybenzyl)benzene, 1,3,5-tris(3',5'-di-
t-butyl-4'-hydroxybenzyl)-sec-triadine-2,4,6-(1H,3H,5H)
trione and 1,6-hexanediol-bis[3-(3,5-di-t-butyl-4-
hydroxyphenyl)propionate] are mentioned.

Note that even in the same radical scavengers, a phenolic
radical scavenger (PRS) is preferable than the radical scav-
engers other than the phenolic radical scavenger [such as an
aromatic amine radical scavenger {e.g., octylated dipheny-
lamine, N-n-butyl-p-aminophenol and phenothiazine}, a sul-
fur radical scavenger {e.g., dilauryl-3,3'-thiodipropionate,
distearyl-3,3'-thiodipropionate and pentaerythritol tetrakis
(3-laurylthiopropionate)} and a phosphoric radical scavenger
{e.g., trisnonylphenyl phosphite, tris(2,4-di-t-butylphenyl)
phosphite and distearylpentaerythritol diphosphite}]. If a
phenolic radical scavenger (PRS) is used, degradation/de-
composition of a cured body of a hydrophilic urethane pre-
polymer (UP) with time is suppressed and excellent adhesive-
ness retaining property can be shown.

Note that a phenolic radical scavenger (PRS) and a radical
scavenger other than (PRS) may be used in combination.

The content (wt %) of each of these phenolic radical scav-
engers (PRS) based on the weight of a hydrophilic urethane
prepolymer (UP) is preferably 0.01 to 3, further preferably
0.02to 1, and particularly preferably 0.05 to 0.5. If the content
falls within the range, degradation of a cured body with time
can be suppressed and no harmful effect is exerted on a human
body.

A phenolic radical scavenger (PRS) may be added to a
hydrophilic urethane prepolymer (UP) or previously added to
a polyisocyanate component (A) and/or polyol component
(B) and then a hydrophilic urethane prepolymer (UP) is pre-
pared.

The medical adhesive of the present invention may contain,
if necessary, components other than a hydrophilic urethane
prepolymer (UP) and a phenolic radical scavenger (PRS).

Examples of other components include a medicinal agent
having a physiological activity (e.g., medicine for central
nerve, medicine for allergy, medicine for a circulatory organ,
medicine for a respiratory organ, medicine for a digestive
organ, a hormonal agent, a metabolic agent, an antineoplastic
agent, an antibiotic agent and chemotherapeutic agent), a
filler (e.g., carbon black, Bengal red, calcium silicate, sodium
silicate, titanium oxide, acrylic resin powder and various
ceramic powders) and a plasticizer (e.g., DBP, DOP, TCP,
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tributoxyethyl phosphate and other esters). In the case where
other components are contained, the contents of the compo-
nents are appropriately determined depending upon uses or
the like. Furthermore, other components may be previously
added to a polyisocyanate component (A), a polyol compo-
nent (B) and/or a phenolic radical scavenger (PRS) and then
subjected to a prepolymerization reaction or may be added to
a hydrophilic urethane prepolymer (UP) after completion of
the reaction and/or a phenolic radical scavenger (PRS).

In the hydrophilic urethane prepolymer (UP) contained in
the adhesive of the present invention, an isocyanate group is
reacted with water (e.g., water in a body fluid such as blood
and lymph fluid) to produce an amino group and carbon
dioxide, and the amino group further reacts with the isocyan-
ate group, with the result that polymerization proceeds. Car-
bon dioxide generated at this time contributes to spongy form
to produce a coating film containing foams having wet adhe-
sive strength and flexibility.

Accordingly, the adhesive of the present invention, when it
comes into contact with a body fluid such as blood in a
medical action such as a surgical operation, is rapidly poly-
merized with the help of a water content of the body fluid to
show adhesive strength. Furthermore, initial adhesive
strength can be enhanced by, if necessary, supplying water by
spraying e.g., a physiological saline solution.

When body tissues are bonded by the adhesive of the
present invention in a surgical operation, examples of the
bonding method include a direct adhesion method in which
the adhesive of the present invention is directly applied to an
incision site; and a transfer adhesion method in which the
adhesive is applied to a film having high release properties,
such as a silicone film and a fluorine film, and an incision site
is covered with the film and the film is removed after comple-
tion of the reaction.

In view of safety and adhesive strength to a living body, the
medical adhesive of the present invention is preferably used
for adhesion of body tissues, further preferably, lung, artery,
heart, vein, trachea, esophagus, stomach, duodenum, small
intestine, large intestine, rectum, liver, spleen, kidney, pan-
creas and nerve, still further preferably, lung, artery and heart,
and particularly preferably artery.

EXAMPLES

The present invention will be more specifically described
by way of Examples below; however, the present invention is
not limited to these Examples alone. Note that, the term
“part(s)” represents part(s) by weight and the symbol “%”
represents “wt %”.

Production Example 1

In accordance with the description of reference document
1 (JP57-108055 A), a fluorine-containing non-aromatic poly-
isocyanate {bis(isocyanatomethyl)perfluorobutane [OCN—
CH,—(CF,),—CH,—NCO]} (al-1) was synthesized. The
chlorine content in a chlorine-containing organic compound
in (al-1) was 0.027% and the hydrolytic chlorine content was
0.120%.

Production Example 2

The compound (al-1) obtained in Production Example 1
was subjected to distillation under reduced pressure (75 to
80° C./3 to 5 mmHg). The resultant distillate was further
subjected to distillation under reduced pressure in the same
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conditions. This process was repeated three times to obtain a
fluorine-containing non-aromatic polyisocyanate (al-2).

The chlorine content in a chlorine-containing organic com-
pound in the fluorine-containing non-aromatic polyisocyan-
ate (al-2) was 0.012% and the hydrolytic chlorine content
was 0.025%.

Production Example 3

The compound (al-1) of Production Example 1 was mixed
with methylene chloride and ion-exchanged water in a ratio of
(al-1)/methylene chloride/ion-exchanged water=10 parts/10
parts/10 parts. The mixture was washed and extracted with
water five times by use of a separatory funnel for 30 seconds
while shaking to separate a methylene chloride (organic)
layer containing (al-1) and a water layer. Furthermore, the
organic layer containing (al-1) was washed and extracted five
times with ion-exchanged water (10 parts).

To the organic layer, 0.2 parts of anhydrous magnesium
sulfate was added. The mixture was allowed to stand still,
filtrated and dewatered (dried).

After methylene chloride was distilled away from the
organic layer under reduced pressure at 30 to 50° C., distil-
lation under reduced pressure (72 to 83° C./3 to S mmHg) was
further performed to obtain a fluorine-containing non-aro-
matic polyisocyanate (al-3).

The chlorine content in a chlorine-containing organic com-
pound in the fluorine-containing non-aromatic polyisocyan-
ate (al-3) was 0.020%, and the hydrolytic chlorine content
was 0.025%.

Production Example 4

In accordance with the description of reference document
1, a fluorine-containing non-aromatic polyisocyanate {bis
(isocyanatomethyl)perfluorohexane [OCN—CH,—
(CF,)s—CH,—NCO]} (a2-1) was synthesized. The chlorine
content in a chlorine-containing organic compound in (a2-1)
was 0.018% and the hydrolytic chlorine content was 0.08%.

Production Example 5

The compound (a2-1) was subjected to distillation under
reduced pressure three times in the same conditions as in
Production Example 2 to obtain a fluorine-containing non-
aromatic polyisocyanate (a2-2). The chlorine content in a
chlorine-containing organic compound in the fluorine-con-
taining non-aromatic polyisocyanate (a2-2) was 0.011% and
the hydrolytic chlorine content was 0.042%.

Production Example 6

In accordance with the description of reference document
2 (J. Macromol. Sci. Phys. B1, 831 1967), a fluorine-contain-
ing non-aromatic polyisocyanate {perfluorotrimethylene
diisocyanate [OCN—(CF,);—NCO]} (a3-1) was synthe-
sized. The chlorine content in a chlorine-containing organic
compound in (a3-1) was 0.052% and the hydrolytic chlorine
content was 0.140%.

Production Example 7

The compound (a3-1) obtained in Production Example 6
was subjected to distillation under reduced pressure (55 to
60° C./300 to 360 mmHg) and further distillation under
reduced pressure was repeated three times to obtain a fluo-
rine-containing non-aromatic polyisocyanate (a3-2). The
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chlorine content in a chlorine-containing organic compound
in the fluorine-containing non-aromatic polyisocyanate (a3-
2) was 0.002% and the hydrolytic chlorine content was
0.030%.

Production Example 8

In accordance with the description of reference document
2, a fluorine-containing non-aromatic polyisocyanate {per-
fluorooctyl diisocyanate [OCN—(CF,)y—NCO]} (a4-1) was
synthesized. The chlorine content in a chlorine-containing
organic compound in (a4-1) was 0.019% and the hydrolytic
chlorine content was 0.072%.

Production Example 9

The compound (a4-1) obtained in Production Example 8
was subjected to distillation under reduced pressure (110 to
115° C./220 to 260 mmHg) and further distillation under
reduced pressure was repeated three times to obtain a fluo-
rine-containing non-aromatic polyisocyanate (a4-2). The
chlorine content in a chlorine-containing organic compound
in the fluorine-containing non-aromatic polyisocyanate (a4-
2) was 0.011% and the hydrolytic chlorine content was
0.031%.

Production Example 10

Ethylene glycol (15.5 parts) and potassium hydroxide (3.8
parts) were placed in an autoclave. After nitrogen purge (a
gaseous-phase oxygen concentration: 450 ppm) was per-
formed, dewatering was performed at 120° C. for 60 minutes
under vacuum. Subsequently, a mixture of ethylene oxide
(784.5 parts) and propylene oxide (200 parts) was injected
with application of pressure at 100 to 130° C. over about 10
hours and thereafter continuously reacted at 130° C. for 3
hours to obtain a liquid-state crude polyether having an oxy-
ethylene group content of 80%.

The liquid-state crude polyether (1000 parts) was placed in
an autoclave. Nitrogen purge (a gaseous-phase oxygen con-
centration: 450 ppm) was performed and ion-exchanged
water (30 parts) was added, and then, 10 parts of synthesized
magnesium silicate (sodium content: 0.2%) was added. After
nitrogen purge was performed again, the mixture was stirred
at 90° C. for 45 minutes at a stirring rate of 300 rpm. Subse-
quently, filtration was performed by use of a glass filter (GF-
75: manufactured by Toyo Roshi Kaisha, Ltd.) under nitrogen
atmosphere to obtain an ethylene oxide/propylene oxide ran-
dom co-adduct (b1). The number average molecular weight
of (b1) was 4000 and the oxyethylene group content was 80%.
The number of functional groups was 2.

Production Example 11

Ethylene glycol (15.5 parts) and potassium hydroxide (3.8
parts) were placed in an autoclave. After nitrogen purge (a
gaseous-phase oxygen concentration: 450 ppm) was per-
formed, dewatering was performed at 120° C. for 60 minutes
under vacuum. Subsequently, a mixture of ethylene oxide
(484.5 parts) and propylene oxide (500 parts) was injected
with application of pressure at 100 to 130° C. over about 10
hours and thereafter continuously reacted at 130° C. for 3
hours to obtain a liquid-state crude polyether having an oxy-
ethylene group content of 50%.

The liquid-state crude polyether was treated with synthe-
sized magnesium silicate in the same manner as in Production
Example 10 to obtain a propylene oxide adduct (b2). The
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number average molecular weight of (b2) was 4000 and the
oxyethylene group content was 50%. The number of func-
tional groups was 2.

Production Example 12

Ethylene glycol (60.0 parts) and potassium hydroxide (3.8
parts) were placed in an autoclave. After nitrogen purge (a
gaseous-phase oxygen concentration: 450 ppm) was per-
formed, dewatering was performed at 120° C. for 60 minutes
under vacuum. Subsequently, ethylene oxide (940.0 parts)
was injected with application of pressure at 100 to 130° C.
over about 10 hours and thereafter continuously reacted at
130° C. for 3 hours to obtain a liquid-state crude polyether
having an oxyethylene group content of 100%.

The liquid-state crude polyether was treated with synthe-
sized magnesium silicate in the same manner as in Production
Example 10 to obtain a propylene oxide adduct (b3). The
number average molecular weight of (b3) was 1000 and the
oxyethylene group content was 100%. The number of func-
tional groups was 2.

Production Example 13

Ethylene glycol (30.8 parts) and potassium hydroxide (3.8
parts) were placed in an autoclave. After nitrogen purge (a
gaseous-phase oxygen concentration: 450 ppm) was per-
formed, dewatering was performed at 120° C. for 60 minutes
under vacuum. Subsequently, a mixture of ethylene oxide
(754.6 parts) and propylene oxide (218.8 parts) was injected
with application of pressure at 100 to 130° C. over about 10
hours and thereafter continuously reacted at 130° C. for 3
hours to obtain a liquid-state crude polyether having an oxy-
ethylene group content of 100%.

The liquid-state crude polyether was treated with synthe-
sized magnesium silicate in the same manner as in Production
Example 10 to obtain a propylene oxide adduct (b4). The
number average molecular weight of (b4) was 3000 and the
oxyethylene group content was 75%. The number of func-
tional groups was 3.

Production Example 14

Propylene glycol (362 parts) and potassium hydroxide (3.8
parts) were placed in an autoclave. After nitrogen purge (a
gaseous-phase oxygen concentration: 450 ppm) was per-
formed, dewatering was performed at 120° C. for 60 minutes
under vacuum. Subsequently, propylene oxide (632 parts)
was injected with application of pressure at 100 to 130° C.
over about 10 hours and thereafter continuously reacted at
130° C. until a volatile matter content reached 0.1% or less to
obtain a liquid-state crude polyether.

The liquid-state crude polyether was treated with synthe-
sized magnesium silicate in the same manner as in Production
Example 10 to obtain a propylene oxide adduct (b5). The
number average molecular weight of (b5) was 210 and the
oxyethylene group content was 0%. The number of functional
groups was 2.

Example 1

As a polyol component (B), a mixture of ethylene oxide/
propylene oxide random co-adduct (b1) (90 parts) obtained in
Production Example 10 and a propylene oxide adduct (b5)
(10 parts) obtained in Production Example 14 was used and
dewatered under reduced pressure at 100° C. for 2 hours
under anitrogen atmosphere and then cooled to 40° C. To this,
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the compound (al-2) (45.6 parts (NCO group/OH group
ratio=2/1), which was obtained as a polyisocyanate compo-
nent (A) in Production Example 2, was added. The mixture
was uniformly stirred, raised in temperature to 80° C., and
reacted at 80° C. for 6 hours to produce a hydrophilic urethane
prepolymer as the medical adhesive of the present invention
(P1). The hydrolytic chlorine content (%) in the polyisocy-
anate component (A), the oxyethylene group content (%) in
the polyol component (B), the isocyanate group content (%)
in the hydrophilic urethane prepolymer, the number average
molecular weight (Mn) of the hydrophilic urethane prepoly-
mer, the oxyethylene group content (%) in the hydrophilic
urethane prepolymer, the chlorine content (%) in a chlorine-
containing organic compound in a medical adhesive and the
hydrolytic chlorine content (%) in the medical adhesive are
shown in Table 1-2.

Furthermore, to 100 parts of (P1), 0.2 parts of tetrakis-
[methylene-3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propi-
onate]methane (IRGANOX 1010, manufactured by Ciba
Speciality Chemicals) as a phenolic radical scavenger (PRS),
was added to obtain (P1-1).

Furthermore, to 100 parts of (P1), 0.5 parts of tetrakis-
[methylene-3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propi-
onate]methane was added to obtain (P1-2).

Examples 2 to 13

Hydrophilic urethane prepolymers were produced as medi-
cal adhesives (P2) to (P13) by using the corresponding mate-
rials described in Table 1-1 in place of the polyisocyanate
component (A) and the polyol component (B) of Example 1.
The hydrolytic chlorine content (%) in a polyisocyanate com-
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ponent (A), the oxyethylene group content (%) in a polyol
component (B), the isocyanate group content (%) in a hydro-
philic urethane prepolymer, the number average molecular
weight (Mn) of a hydrophilic urethane prepolymer and the
oxyethylene group content (%) in a hydrophilic urethane
prepolymer of each medical adhesive, the chlorine content
(%) in a chlorine-containing organic compound in each medi-
cal adhesive and the hydrolytic chlorine content (%) in each
medical adhesive are shown in Table 1-2.

Furthermore, (P2-1) to (P13-1) and (P2-2) to (P13-2) were
obtained in the same manner as in Example 1 except that (P2)
to (P13) were separately used in place of (P1).

Comparative Examples 1 to 14

Hydrophilic urethane prepolymers were produced as medi-
cal adhesives (P'1) to (P'14) by using the corresponding mate-
rials described in Table 2-1 in place of the polyisocyanate
component (A) and the polyol component (B) of Example 1.
The hydrolytic chlorine content (%) in a polyisocyanate com-
ponent (A), the oxyethylene group content (%) in a polyol
component (B), the isocyanate group content (%) in a hydro-
philic urethane prepolymer, the number average molecular
weight (Mn) of a hydrophilic urethane prepolymer and the
oxyethylene group content (%) in a hydrophilic urethane
prepolymer of each medical adhesive, the chlorine content
(%) in a chlorine-containing organic compound in each medi-
cal adhesive and the hydrolytic chlorine content (%) in each
medical adhesive are shown in Table 2-2.

Furthermore, (P'1-1) to (P'14-1) and (P'1-2) to (P'14-2)
were obtained in the same manner as in Example 1 except that
(P'1) to (P'14) were used in place of (P1).

TABLE 1-1
Examples

1 2 3 4 5 6 7 8 9 10 11 12 13
Polyisocyanate  (Al) al-1 — — - — — — — — _ _ -
component (A) al-2 45.6 — — 40 40 44 63 44 — — 63 —
(parts by al-3 — — — — — — — — — _ -
weight) a2-1 — — — — — — — — —
a2-2 — 597 — — — — — — — — -
a3-1 — — —_ — — — — — — — _ - —
a3-2 - 31 — - - - - - 14 11— 14

a4-1 — — —_ — — — — — — — —_ —
a4-2 — —  — 66 — — -
(A2) a5 — — — 244 — — - _
a6 — — —_ — 2.36 — — — — -
a7 — — — — — — 2.12 — — — e —
Polyol (B1) bl 90 90 90 90 90 90 90 — — 90 90 90 90
component (B) b2 — — — — — — — — 90 — -
(parts by b3 — — — — — — — 90 — — -
weight) b4 — — —_ — — — — — _ — 10
(B2) b5 10 10 10 10 10 10 10 4.74 10 — — 10 —
b6 — - - — — — — — 474 — —




US 9,421,299 B2

24

23

Aysuaqut yead jo (o) oney

600°0 0€0°0 €100 100°0 910°0 90°0 €700 9700 1000 1000 1000 790°0 1100 PIoE dT[Ax0qIE)
Aysuaqut yead jo (o) oney
150°0 160°0 L¥0°0 960°0 6100 0v0°0 00 L£00 9¢0°0 9500 9¢0°0 $T0°0 6¥0°0 3pAyapTY
6C°L 6T°L LTL L o1 $8'9 L 1L [42 L [42 €L9 8TL Hd (%5°0)
€0 €0 S0 0 €T 6 1C 1 0 0 0 9 0 (%) 2781 HOTIsodwooaq JuEpIXonuwE
¢eld Tid ¢-11d ¢-01d ¢-6d -84 ¢-id -9d ¢-sd Tvd c-ed ¢-ud ¢-1d SAISIYPE [EOIPIIN Jo uonippy
Aysuaqut yead jo (o) oney
900°0 0v0°0 1100 100°0 910°0 £90°0 9t0°0 0£0°0 1000 0200 1000 790°0 1100 PIoE dT[Ax0qIE)
Aysuaqut yead jo (o) oney
€500 6¥0°0 6¥0°0 960°0 6100 0€0°0 6100 €00 9¢0°0 w00 9¢0°0 0000 6¥0°0 3pAyapTY
0g'L 8TL 8T'L L o1 689 o1 61°L [42 YL [42 L9 8TL Hd (%T0)
o 0 0 0 €T 194 €T €1 0 80 0 9 0 (%) 2781 HOTIsodwooaq JuEpIXonuwE
1-€1d 1-C1d I-11d 1-01d 1-6d 1-8d 1-id 1-9d 1-¢d T-+d 1-¢d 1-2d 1-1d SAISIYPE [EOIPIIN Jo uonippy
Aysuaqut yead jo (o) oney
S€00 080°0 870°0 1100 950°0 0600 00 0200 ¥00°0 0r0'0 900°0 0000 0100 PIoE dT[Ax0qIE)
Aysuaqut yead jo (o) oney
6200 0T1°0 9€0°0 6¥0°0 0%0°0 090°0 €200 w00 ¥€0°0 0500 £50°0 0r0'0 0700 3pAY2pTY JuEpIXonuwE
oT'L $8'9 oT’L 8TL 10°L 789 €1°L YL 1€°L $6'9 0€’L 6T°L or’L Hd Jo
09°T 06’y 0Tl 00 0T’ 00°¢ 00T 08°0 01’0 08'¢ 0T’o 0€0 09°1 (%) orer tonisodwioss(]  UOMIPPE ON|  UOTEN[EA
QATSOYPE
+00°0 0100 €000 #00°0 800°0 0100 8000 L00°0 L00°0 100 L00°0 9100 8000 [EQTPAUI UT (04) JUSIUOO SULIOTYD ONATOIPAH
QATSOUPE [EOTPAUT
ur punodurios srueSio
<0000 9%00°0 <0000 €000°0 LEO00 8¥00°0 9£00°0 €000 £00°0 #00°0 $000°0 1+00°0 8€00°0 SUTIIRIU0d-9ULOTYD UF (%) JAIUOD SULOTTD
Towkjoderd aueriermn o1rydorp Ay ur
L69 Ty SIL 799 £1e T'LS €6¥ 90§ S0s 1454 0°¢S 'St S6¥ (%) y2gw0ed dnois su AeAXO
Towk[oderd ewerlom
o171qdorpAY Jo (WA 1ySrom
000711 00¢y 00€6 0099 00sS 00T€ 00¢8 00%S 00€s 006¢ 008% 009¢ 00cs TR[NOS[OUT OTEIA® JOUITIN
rowkjoderd
oueam o1 mdoIpAy ur
T L 0C T (44 s 1474 34 [44 Le %4 8¢ oY (%) yuRymed dnors eereAo0s]
€1d <id T1d 01d 6d 8d Ld od cd ¥d €d [ 1d SAISIYPE [EOIPIIN
(g) yeuoduioo joAjod ur
S6L [ 08 9L S S6 7L [ 7L [ 7L [ 7L (%) y2gu0ed dnois su AIeAXO
(v) muodwos ojeueisosiAjod ur
0€0°0 §20°0 0€0°0 0€0°0 §200 §20°0 2700 €200 €200 1€0°0 0€0°0 w00 §C0°0 (%) 2100 SULIOTYD NATOIPAH
€1 4l 11 (028 6 8 L 9 S 14 € 4 1
sardurexyq

CTHIdVL



25

US 9,421,299 B2

TABLE 2-1

26

Comparative Examples
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Polyisocyanate
component (A)
(parts by weight)

Polyol
component (B)
(parts by weight)

(Al) al-1
al-2
al-3
a2-1

(A2) a5

(B1) bl

(B2) b5

474
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As the components shown in Table 1-1 and Table 2-1, the
followings were used.

Polyisocyanate Components

a5: Hexamethylene diisocyanate [OCN—(CH,)—NCO],
the chlorine content in a chlorine-containing organic com-
pound is 0.000%, the hydrolytic chlorine content is 0.005%,
and the product name is “Duranate SOM-HDI,” manufactured
by Asahi Kasei Chemicals Corporation,

a6: 2.,4-Tolylene diisocyanate, the chlorine content in a
chlorine-containing organic compound is 0.000%, the hydro-
Iytic chlorine content is 0.004%, and the product name is
“CORONATE T-100,” manufactured by Nippon Polyure-
thane Industry Co., Ltd.,

a7: Isocyanurate-form hexamethylene diisocyanate, the
chlorine content in a chlorine-containing organic compound
is 0.000%, the hydrolytic chlorine content is 0.004%, and the
product name is “Duranate TPA-100,” manufactured by
Asahi Kasei Corporation.

Polyol Components

b6: Polytetramethylene ether glycol 650, the number aver-
age molecular weight is 650, the oxyethylene group content is
0%, and the product name is “PTMG 650,” manufactured by
Mitsubishi Chemical Corporation.
<Chlorine Content in a Chlorine-Containing Organic Com-
pound in Polyisocyanates (al-1) to (a7)>

The chlorine content (wt %) in a chlorine-containing
organic compound in each of polyisocyanates (al-1) to (a7)
was obtained by measuring the content of a chlorine-contain-
ing organic compound in each of polyisocyanates (al-1) to
(a7)used as a measurement sample by GC (the conditions are
the same as defined above) and making a calculation in accor-
dance with the following formula 3.

The chlorine content (wt %) in a chlorine-containing
organic compound in a polyisocyanate compo-
nent (4)=[{Z(quantitative value (g) of each chlo-
rine-containing organic compoundxeach chlorine
content rate of a chlorine-containing organic
compound) }/weight (g) of a measurement

sample]x 100 (Formula 3)

Note that the chlorine content rate of each chlorine-con-
taining organic compound was calculated from formula 2
above.
<Evaluation 1: Stability of Cured Coating Film>

To aslide glass, each (0.2 t0 0.3 g) of the medical adhesives
(P1) to (P13) and (P'1) to (P'14) was applied. The slide glass
was dipped in ultrapure water contained in a 100 mL-beaker
such that the applied portion was completely dipped. In this
manner, each medical adhesive was cured to prepare a cured
coating film. About 2 hours later, the cured coating film was
taken out.

The cured coating film was placed on a release paper and
lyophilized for 12 to 36 hours. The weight (w1) of the cured
coating film after the lyophilization was measured and the
film was placed in a container, dipped in ultrapure water (30
mL) and stored airtight in the container.

This was placed in a dryer of 60° C. and taken out after 4
weeks. Insoluble matter and the supernatant were separated
by decantation and the insoluble matter was placed on a
release paper and lyophilized for 24 to 48 hours. The super-
natant was poured in a Petri dish and also lyophilized for 24
to 48 hours.

The weight (w2) of the lyophilized insoluble matter was
measured and the decomposition rate was calculated in accor-
dance with the following expression.

Decomposition rate=(w1-w2)/wlx100
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The results of decomposition rates (%) of medical adhe-
sives (P1) to (P13) and (P'1) to (P'14) are shown in Table 1-2
and Table 2-2.

<Evaluation 2: Generation of Aldehyde and Carboxylic
Acid>

With respect to the supernatant obtained in Evaluation 1,
pH was measured in accordance with JIS Z 8802. Further-
more, 10 mg of the lyophilized supernatant was dissolved in
heavy DMSO (0.5 mL). This was subjected, as a sample, to
1H NMR measurement. The ratio (%) of the peak intensity of
each of aldehyde (a peak near 9.6 ppm), carboxylic acid (a
peak near 12.4 ppm) and the peak intensity of e.g., a methyl
group and methine group (a peak of 1.4 to 0.6 ppm) was
obtained. Based on the ratio, whether aldehyde and carboxy-
lic acid were generated was evaluated. The results are shown
in Table 1-2 and Table 2-2.

<Irradiation of y Ray>

A polypropylene syringe (2 ml.) was charged with each of
medical adhesives (P1-1) to (P13-1), (P1-2) to (P13-2), (P'1-
1) to (P'14-1) and (P'1-2) to (P'14-2) under a nitrogen atmo-
sphere and irradiated with y ray (25 kGy) to obtain irradiated
medical adhesives (P1-1) to (P13-1), (P1-2) to (P13-2), (P'1-
1) to (P'14-1) and (P'1-2) to (P'14-2).

Decomposition rates were measured in the same manner as
in <Evaluation 1> and <Evaluation 2> except that “irradiated
medical adhesives (P1-1) to (P13-1), (P1-2) to (P13-2), (P'1-
1)to (P'14-1)and (P'1-2) to (P'14-2)” were used in place of the
“medical adhesives (P1) to (P13) and (P'1) to (P'14)” used in
Evaluations 1 and 2. The results are shown in Table 1-2 and
Table 2-2.

As is apparent from the results of Table 2-2, in adhesives of
Comparative Examples 1 to 14 (the chlorine content in a
chlorine-containing organic compound in a medical adhesive
is larger than 0.005% (0.0057 to 0.0123%)), it is found that
decomposition of a cured coating film is accelerated and
aldehyde and carboxylic acid are generated. When a cured
coating film is decomposed, adhesive strength reduces, with
the result that the medical adhesive cannot prevent effusion of
body fluid such as blood, gas from the lung, and the content of
the digestive organ, for example.

Furthermore, in the medical adhesives of Comparative
Examples 1 to 14 having a large chlorine content in a chlo-
rine-containing organic compound, even if an antioxidant
was added, degradation/decomposition in a sterilization
treatment with y-ray irradiation was not successfully pre-
vented. Furthermore, even if the addition amount of antioxi-
dant was increased, degradation/decomposition was not suc-
cessfully suppressed.

On the other hand, from the results shown in Table 1-2, itis
found that the adhesives of Examples 1 to 13 containing
chlorine in a content 0f0.005% or less (0.0005 to 0.0048%) in
a chlorine-containing organic compound is rarely decom-
posed. Therefore, a tissue can be sealed for a long time.
Furthermore, it is also found that since toxic aldehyde and
carboxylic acid are rarely produced, the adhesives are safe.

Furthermore, ifeach of medical adhesives of Examples 1 to
13 of'the present invention having a low chlorine content in a
chlorine-containing organic compound is used in combina-
tion with an antioxidant, it is found that a highly stable medi-
cal adhesive (a cured body of which is hard to be degraded and
decomposed even after sterilization treatment with y-ray irra-
diation required for a medical adhesive) can be provided.
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INDUSTRIAL APPLICABILITY

The medical adhesive of the present invention, since it has
extremely excellent wet adhesive strength even after steril-
ization treatment with y-ray irradiation, can be particularly
effectively used for adhesion of a movable body tissue, and
not only works extremely effectively as a medical adhesive
for, e.g., adhesion of the lung, artery, heart, vein, trachea,
esophagus, stomach, duodenum, small intestine, large intes-
tine, rectum, liver, spleen, kidney, pancreas, nerve and the
like, inhibiting blood leakage, inhibiting enzyme leakage
from the digestive organ, temporary fixation before suture
and reinforcement of a diseased part, but also shows high
reliability and high performance in joining of e.g., a wound
area and an incision site and in dental bonding treatment. The
medical adhesive of the present invention particularly shows
extremely high reliability and high performance in bonding a
movable tissue such as lung, artery and heart.

The invention claimed is:

1. A medical adhesive comprising a hydrophilic urethane
prepolymer (UP) obtained by reacting a polyisocyanate com-
ponent (A) comprising a fluorine-containing non-aromatic
polyisocyanate compound (A1) as an essential ingredient and
apolyol component (B) comprising a hydrophilic polyol (B1)
as an essential ingredient,

wherein a chlorine content derived from a chlorine-con-

taining organic compound is 0.0002 wt % or more and
0.005 wt % or less based on the weight of the hydrophilic
urethane prepolymer (UP), and
wherein the chlorine content derived from the chlorine-
containing organic compound is a sum of chlorine con-
tents derived from the following compounds (1) to (14),
a reaction product between compound (1) and (B), a
reaction product between compound (2) and (B), a reac-
tion product between compound (7) and (B) and a reac-
tion product between compound (8) and (B):

Compound (1): A compound represented by the following
general formula (I):

OCNCH,(CF>),CH,0COCl @

wherein n represents an integer of 1 to 20;

Compound (2): A compound represented by the following
general formula (II):

OCNCH,(CF>),CH,CI an

wherein n represents an integer of 1 to 20;

Compound (3): A compound represented by the following
general formula (I11):

CIOCOCH,(CF,),CH,0COCI (I

wherein n represents an integer of 1 to 20;
Compound (4): A compound represented by the following
general formula (IV):

CICH,(CF,),CH,Cl av)

wherein n represents an integer of 1 to 20;
Compound (5): A compound represented by the following
general formula (V):

O(CH,CH,Cl), V)
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Compound (6): A compound represented by the following
general formula (VI):

CIOCO(CH,CH,OCH,),0CH, (VD)

Compound (7): A compound represented by the following
general formula (VII):

OCN(CF,),0C0Cl (VI

wherein n represents an integer of 1 to 22;
Compound (8): A compound represented by the following
general formula (VIII):

OCN(CF>),Cl (VII)

wherein n represents an integer of 1 to 22;
Compound (9): A compound represented by the following
general formula (IX):

CIOCO(CF,),0C0C! (IX)

wherein n represents an integer of 1 to 22;
Compound (10): A compound represented by the follow-
ing general formula (X):

CI(CF,),Cl [0:9]

wherein n represents an integer of 1 to 22;
Compound (11): A compound represented by the follow-
ing general formula (XI):

O(CH,CH,OCOCI), (XD;
Compound (12): A compound represented by the follow-

ing general formula (XII):

CIOCOCH,CH,OCH,CH,0COCI (XI);
Compound (13): A compound represented by the follow-

ing general formula (XIIT)

CICH,CH,OCH,CH,OCOCI (X11I);

and

Compound (14): A compound represented by the follow-

ing general formula (XIV):

CICH,CH,OCH,CH,OCH, (XIV).
2. The medical adhesive according to claim 1, wherein a

isocyanate group content in the hydrophilic urethane prepoly-
mer (UP) based on the weight of the hydrophilic urethane
prepolymer (UP) is 1 to 10 wt %.

3. The medical adhesive according to claim 1, wherein the
polyol component (B) is a polyol comprising a polyether
polyol.

4. The medical adhesive according to claim 1, wherein the
hydrophilic polyol (B1) is a polyether polyol having an oxy-
ethylene group content of 30 to 100 wt %.

5. The medical adhesive according to claim 1, wherein the
polyol component (B) is a mixture of a random co-adduct of
ethylene oxide and propylene oxide to a diol and a polypro-
pylene glycol.

6. The medical adhesive according to claim 1, for use in
bonding a body tissue.

7. The medical adhesive according to claim 6, wherein the
body tissue is at least one tissue selected from the group
consisting of blood vessel, heart, respiratory organ and diges-
tive organ.



